Actinomycoses are sporadically occurring endogenous polymicrobial inflammatory processes, in which fermentative actinomycetes of the genera Actinomyces, Propionibacterium, or Bifidobacterium act as the principal pathogens. Difficulties in diagnosing the disease in a timely and reliable fashion have led clinicians and microbiologists to grossly underestimate its medical importance. Therefore, we evaluated microbiological and selected clinical data derived from 1997 culture-positive cases of human cervicofacial actinomycoses examined in our laboratories during 1972-1999. The causative actinomycetes belonged to at least 9 different species, among which Actinomyces israelii and Actinomyces gerencseriae predominated. The well-known predisposition of male patients to acquire the disease varied with age and appeared to be especially pronounced in patients aged 20-60 years, the highest incidence being found in female patients aged 11-40 years and in male patients aged 21-50 years. The relevant procedures necessary for diagnosing human actinomycoses reliably, as well as details of their complex etiology, are discussed.
Human actinomycoses have long been known to represent a specific granulomatous, as well as suppurative, inflammatory syndrome that may be found in nearly any part of the body. However, characteristic sites are areas adjacent to the mucous membranes, among which the cervicofacial region is predominantly involved. Despite their historical designation (i.e., Actinomyces or ray fungus) [1] [2] [3] [4] , the causative agents of the disease are gram-positive, non-spore-forming bacteria that are currently classified in the families Actinomycetaceae, Propionibacteriaceae, and Bifidobacteriaceae of the orders Actinomycetales and Bifidobacteriales, respectively [5] . Members of these families tend to produce branching filaments that usually fragment into longer or shorter rods with or without branching. They have a fermentative type of carbohydrate metabolism, grow best under increased CO 2 tension with or without reduction of the atmospheric oxygen concentration (as do the so-called capnophils or facultative anaerobes), and are quite fastidious concerning their nutritional requirements.
The normal habitats of these bacteria are human or animal mucous membranes, with considerable host specificity. In humans, they often are found with high frequency in the oral cavity, but also may be encountered in the gastrointestinal and female genital tracts [6] [7] [8] . The "classical" fermentative actinomycetes that occur in human clinical materials are Actinomyces israelii, Actinomyces gerencseriae (formerly known as Actinomyces israelii serovar 2), Actinomyces naeslundii, Actinomyces viscosus, Actinomyces odontolyticus, and Actinomyces meyeri, as well as Propionibacterium propionicum (formerly known as Arachnia propionica) and Bifidobacterium dentium (formerly known as Actinomyces eriksonii). Recently, many additional fermentative Actinomyces species have been described, but these produce rather nonspecific inflammatory processes than those of the characteristic actinomycotic syndrome [6] [7] [8] [9] [10] [11] [12] . In actinomycotic lesions, the causative actino- Figure 1 . Micrograph of actinomycotic sulfur granule embedded in 1% methylene blue solution, visualized after gently pressing on the cover slip (original magnification, ϫ400). Note the spherical segmentlike structures in the center, which represent actinomycete colonies formed in vivo and are surrounded by tissue reaction material, especially polymorphonuclear phagocytes. Lack of dark coloration in the center of the granule is caused by the reduction of methylene blue because of the low redox potential.
mycetes essentially are always associated with other microbes from the indigenous mucosal flora of the infected patient; thus, the disease is considered to be an endogenous, obligatorily synergistic mixed infection [13] [14] [15] [16] [17] [18] , a fact that had long been disregarded by both medical microbiologists and clinicians.
Because of the characteristic difficulties in diagnosing human actinomycoses, 2 reference laboratories for pathogenic actinomycetes were established in Germany: Institute of Hygiene of the University of Cologne (Cologne Institute) in 1952 and the Institute for Medical Microbiology and Immunology of the University of Bonn (Bonn Institute) in 1985. Both laboratories have been receiving clinical specimens for the isolation and identification of pathogenic actinomycetes from all over Germany. In 1974, data from 2008 cases of human actinomycosis, predominantly from the cervicofacial area, were provided by the Cologne Institute [7] . Here, we would like to discuss the microbiological findings of the 1997 additional cervicofacial actinomycotic infections.
MATERIALS AND METHODS
Specimens (e.g., pus or sinus discharge) for bacteriological investigations were obtained by extraoral incision or needle aspiration and usually delivered to the laboratory by use of a reduced transport medium (Port-A-Cul; Becton Dickinson). Details on the diagnostic laboratory procedures used throughout this study have been published elsewhere [6, [19] [20] [21] [22] [23] . Before any other diagnostic test was initiated, all the clinical specimens were thoroughly examined, both macroscopically and microscopically, for the presence of sulfur granules (originally called "Drusen"), which are of significant diagnostic relevance (figure 1) [6, 23] . Granule material or pus samples then were examined by culture, which included the use of the following culture media: for aerobic incubation, sheep blood agar and peptone yeast extract glucose (PYG) or brain heart infusion (BHI) broth; for anaerobic incubation, CC, CX, CA, Schaefer agar [6, 23, 24] , and Tarozzi broth, as well as, at the Bonn Institute, BHI, Columbia blood, and kanamycin-vancomycin blood agar (KV agar) [6, 19, 23] . "Semianaerobic" culture conditions were generated by the Fortner method, as described elsewhere [6, 21, 23, 25, 26] . All the media were incubated at and 36ЊC ‫ע‬ 1ЊC monitored for growth after 2, 5, 8, 11, and 14 days of incubation. The transparent culture media were examined microscopically for growth of filamentous microcolonies (figure 2). By use of Fortner plates, examination of culture is possible without disturbing the anaerobic atmosphere so that further growth of the actinomycetes is not impaired by oxygen contact [23] . BHI and Columbia blood and KV agar plates were incubated for 10-14 days in GasPak jars (Becton Dickinson) to detect concomitant strict anaerobes.
All different colony types were preliminarily grouped according to their microscopic characteristics (as visible in gramstained smears), and then were subcultured and identified to species or group level by use of appropriate bacteriological methods, including gas liquid chromatography (GLC) analysis of the acid fermentation end products [27] . Fermentative actinomycetes were primarily identified by physiological ("biochemical") reactions using the Minitek differentiation system (Becton Dickinson) [23, 28] (table 2) . Table 3 lists the groups and species of microorganisms most 
frequently isolated together with the actinomycetes. As in table 2, the results are shown separately for the 2 laboratories involved and the 2 periods considered. In regard to the aerobic companions of the actinomycetes, coagulase-negative staphylococci were most frequently encountered, followed by a-and b-hemolytic streptococci. However, these 3 bacterial groups were much more frequently seen as concomitant infecting organisms in Bonn than in Cologne. (table 4) . However, male patients aged 21-40 years were affected most frequently, whereas the majority of the affected female patients were aged 11-30 years. The incidence of actinomycotic lesions in younger and older patients was considerably lower. Nevertheless, the youngest patients were aged 1-2 years, and the oldest patients were aged у80 years. Overall, men were affected more frequently than women. However, the male-tofemale ratio appeared to vary with age (table 4). For patients aged р10 or у61 years, this ratio was 1.5:1 or less, but increased to 4.0:1 in patients aged 41-50 years, resulting in an average male-female ratio of 2.4:1.
DISCUSSION
As evidenced by characteristic bone lesions detected in the jaw bones of a prehistoric rhinoceros and a 3-toed horse, respectively [31] , actinomycoses presumably belong to or even are the oldest microbial diseases of mammals, and their microbial etiology has been known since the early days of microbiology. Nevertheless, there is hardly any other bacterial disease in nat- ural history that has suffered from so many long-lasting misunderstandings, which include confusions of actinomycetes with true fungi, of the exclusive animal pathogen A. bovis with the human species A. israelii sensu lato, and of the ubiquitous aerobic actinomycetes (streptomycetes) from the environment with the facultatively anaerobic host-dependent human species. As a consequence of the latter misconception, chewing on grass or other vegetables had long, but incorrectly, been considered the major risk factor for acquiring actinomycotic infections. Our data confirm (table 1) that human cervicofacial actinomycoses are essentially always polymicrobial (mixed) infections. In this synergistic association of microorganisms, certain fermentative actinomycetes act as the specific pathogens, the so-called guiding organisms [13, 15, 16] , which are responsible for the characteristic course, late symptoms, and prognosis of the disease. The concomitant infecting organisms, although always present in principle, vary in species composition from case to case and may represent from 1 to 19 different aerobic and/or anaerobic species [7, 17, 18] . They are obviously necessary to strengthen or complement the comparatively low invasive power of the actinomycetes, often determine the initial clinical picture or the development of certain complications of the disease, and may play a crucial role when treatment failures are encountered.
Depending on the composition of the concomitant synergistic flora, the onset of human actinomycoses may be acute, subacute, or chronic. When Staphylococcus aureus or b-hemolytic streptococci (table 3) are involved, an acute painful abscess or a phlegmonous cellulitis may indicate the initial manifestation of the disease, which is clinically indistinguishable from infections of various other etiologies, especially the nonspecific odontogenic abscesses ( figure 3 ). In the presence of other aerobes or an exclusively anaerobic flora, however, a subacute to insidiously chronic onset is common. The chronic form of the disease is usually highly pathognomonic and characterized by painless infiltrations and indurations that usually progress to form multiple abscesses and, eventually, lead to draining sinus tracts (figure 4) discharging pus that may contain sulfur granules (in ∼25% of cases). This chronic inflammatory process finally results in a multilocular system of cavities with a central scar and further peripheral abscess formation and a poor tendency to heal. Insidious onset and a particularly chronic course of the disease are highly characteristic of cases in which A. israelii or A. gerencseriae are associated with Actinobacillus actinomycetemcomitans [10, 32, 33] , which obviously has a special role in the synergistic actinomycotic flora ("actinomycetem comitans" means, literally, "accompanying an actinomycete"). Furthermore, these cases tend to be difficult to treat, especially when the particular antibiotic susceptibility pattern of A. actinomycetemcomitans (i.e., resistance to narrow-spectrum pen- Figure 3 . Acute odontogenic abscess in a male patient aged 18 years, from which a mixed bacterial flora with Actinomyces naeslundii had been isolated. The course after incision was uneventful, indicating that the disease was probably not of actinomycotic nature.
icillins and clindamycin) is not taken into consideration. Penicillin G or clindamycin treatment under these circumstances may even result in the persistence of inflammatory symptoms after chemotherapeutic elimination of the causative actinomycetes. The spectrum of Actinomyces species isolated from the 1997 cases of cervicofacial actinomycoses (table 2) included in the present study confirms the traditional view that A. israelii and A. gerencseriae are, by far, the most important agents of this disease. Among the other species identified, P. propionicum has definitely been shown to be able to produce characteristic actinomycotic lesions. Thus, the etiology of human actinomycoses is complex with respect not only to the synergistic companions but also to the causative actinomycetes that belong to several species in at least 2 different genera (Actinomyces and Propionibacterium); therefore, it appears more appropriate to use the designation of the disease in the plural.
As far as the etiological role of the remaining Actinomyces species is concerned, our finding that a single characteristic actinomycotic lesion may contain A. israelii, A. gerencseriae, or P. propionicum together with a second Actinomyces species could indicate that the detection of A. naeslundii, A. viscosus, A. odontolyticus, A. meyeri, A. georgiae, or A. neuii may indicate a double infection, in which the principal actinomycete pathogen escaped our notice, rather than indicating the actinomycosis-inducing potential of the latter species.
When comparing the results for the 2 periods evaluated in Cologne with that in Bonn (table 2), the relative incidence of A. gerencseriae, as well as that of the strains not identified to the species level, need to be addressed. The seemingly higher frequencies of both Actinomyces groups in the Cologne data during 1972-1984 were obviously due to the fact that, until about 1979, clinical isolates of fermentative actinomycetes were solely identified by use of an indirect immunofluorescence test [29] . Later detailed analyses of the antigenic structure of the classical Actinomyces species [30] showed that the antigenic diversity of these organisms was considerably greater than previously thought. After the introduction of the very reliable Minitek differentiation system and chemotaxonomic methods, such as the analysis of cell wall sugars, the percentage of isolates that could not be identified with certainty decreased from 26.7% in 1972-1984 to only 2.8% in 1985-1998.
Analogous methodological developments were obviously responsible for changes in the composition of the concomitant flora (table 3) . The drastic increase in the detection of strict anaerobes, such as various Bacteroidaceae, is probably due to the broader use of the GasPak system and to the routine application of a selective medium for gram-negative anaerobes (i.e., KV agar) together with improved identification techniques, including GLC analysis of the fermentation end products of all of the anaerobes encountered.
All the Actinomyces species etiologically involved in human actinomycotic lesions, as well as the vast majority of the concomitant organisms, belong to the indigenous facultatively pathogenic microflora of the human mucosal surfaces, especially in the oral cavity. Thus, human actinomycoses are nearly always endogenous infections; the only exceptions are inflammatory processes that occur after human bites or fist-fight traumata.
All tabulations, including sex ratios [6, 7, 23, [34] [35] [36] [37] , have unanimously indicated that males have a predisposition for acquiring actinomycotic infections. However, according to our findings, this predisposition varied considerably with age. In young (aged !11 years) and older (aged 160 years) patients, the male-to-female ratio was 1.5:1 or less, but increased to 4.0: 1 in patients aged 41-50 years. Correspondingly, the highest incidence of the disease in females was found among those aged 11-30 years, whereas men aged 21-40 years appeared to be especially prone to cervicofacial actinomycoses. The reason for this striking preponderance of infection among males remains to be elucidated, although it seems reasonable to assume that hormonal influences could play a causal role in these differences. Nevertheless, it has to be kept in mind that cervicofacial actinomycoses can affect patients of any age.
Before the advent of antibacterial chemotherapy, actinomycoses were correctly considered to be malignant conditions that were extremely difficult to treat, tended notoriously to relapse, and could even become life-threatening when the process extended to the blood stream or organs such as the pericardium or the brain. This predominantly applied to the chronic forms of the disease, whereas acute infections were occasionally self-limiting or curable simply by surgical measures without adjunct antibiotic treatment. But even the acute processes often develop into chronic infection, in which surgical incision alone is no longer sufficient for achieving complete cure [7, 8, 35] .
At least in Germany, human cervicofacial actinomycoses are not at all rare diseases. On the basis of our data, which comprise information on 3920 microbiologically proven cases of human cervicofacial actinomycoses [7, 15, 16] , the incidence of this condition in the Cologne area was estimated to be 1 case/40,000 inhabitants per year, when both acute and chronic infections were included [34, 36] . However, in recent years, the incidence of typical actinomycoses appeared to decrease; thus, it would be worthwhile to reevaluate the situation in the near future.
Human cervicofacial actinomycoses can be diagnosed reliably only by adequate microbiological methods. Histological procedures often do not provide conclusive results, because characteristic sulfur granules are often low in number and not always easy to identify or differentiate from granules of various other origins [12, 19, 23] . Molecular methods may facilitate the identification of clinical isolates of fermentative actinomycetes. However, it has not yet been convincingly demonstrated that they also may be of value for diagnosing human actinomycoses directly and reliably from the clinical specimen.
